With an aim to investigate how the surface abundances of intermediate-mass stars off the main sequence (evolving toward the red-giant stage) are affected by the evolutioninduced envelope mixing, we spectroscopically determined the abundances of Li, C, N, O, and Na for selected 62 late A through G subgiants, giants, and supergiants, which are often called "Hertzsprung-gap stars," by applying the synthetic spectrum- 
INTRODUCTION
Stars leave off the main sequence after the hydrogen fuel in the core has been exhausted and evolve toward the red giant stage with a progressive lowering of the surface temperature; i.e., from left to right on the Hertzsprung-Russell (HR) diagram. Since the deepening of convention zone takes place during this course, some H-burning product in the core may be salvaged to the surface if the envelope mixing penetrates sufficiently 0 Abbreviations: LTE, local thermodynamic equilibrium deep, by which characteristic chemical anomalies would be observed. Actually, such signs of abundance peculiarities (e.g., C deficit or Na enrichment as a result of contamination by CNor NeNa-cycle product) are actually observed in red giant stars (see, e.g., Takeda et al. 2015 and the references therein).
However, it has not yet been well understood how much and when such mixing-induced dredge-up actually occurs. According to the theoretical prediction considering only the classical convective mixing (canonical theory of first dredgeup), observable abundance anomalies do not appear until a star has entered the red giant phase with sufficiently low ef f (≲ 5000 K). Yet, such a conventional theory does not seem to be sufficient and other type of additional mixing mechanism is likely to exist in the envelope of actual stars. For example, the mixing induced by rotation (e.g., meridional circulation or rotational shear instability) may contribute to a significant dredge-up, which appears to take place already in the mainsequence phase for the case of rapidly-rotating B-type stars as seen from their surface He enrichment (Lyubimkov et al. 2004) . Therefore, recent extensive calculations such as done by Lagarde et al. (2012) tend to make practice of including noncanonical mixing (rotational as well as thermohaline mixing) in simulating the surface abundance changes during the course of stellar evolution.
Even so, we are not sure whether such a more sophisticated modeling with non-canonical mixing is really superior to the simple classical theory. For example, Anthony-Twarog et al. (2018) reported based on their Li abundance study of 287 lowto-intermediate mass stars in the open cluster NGC 2506 that the observed abundance trend agrees with the prediction from theoretical models including rotational+thermohaline mixing. On the other hand, Smiljanic et al. (2018) argued in their spectroscopic investigation on the C, N, O, Na, and Al abundances of 20 intermediate-mass red giants in 10 open clusters that models with rotational mixing tend to overestimate the mixing effects and thus not preferable.
Given the situation being still unsettled as such, it is important in the first place to accumulate more observational data concerning the abundances of light elements (possibly influenced by mixing) for as many evolved stars as possible. Generally speaking, however, previous abundance studies in this field tended to focus rather on well-evolved low/intermediatemass red giants of late G or K type, which were B-A-F stars when they were on the main sequence. If we are to investigate how the surface abundances undergo changes in the course of stellar evolution off the main sequence, it is necessary to pay attention also to stars on the mid-way between early-type dwarfs and late-type giants. Such stars (typically late A through early G giants or supergiants) are generally few in number, because they are evolving quite rapidly towards the right (cooler) direction on the near-horizontal tracks and thus the probability of being found by us small. Accordingly, we can recognize a void-like region of low star density in the HR diagram, which is occasionally called "Hertzsprung gap."
Some number of studies regarding the chemical abundances of light elements in Hertzsprung-gap stars have been published so far, which we briefly summarize as follows (though not meant to be complete): Luck & Lambert (1985) discussed the CNO abundances of F-type supergiants and Cepheids in connection with the nature of envelope mixing. Takeda & Takada-Hidai (1994) investigated the behavior of Na abundances in A-F supergiants (including some Cepheids). Barbuy et al. (1996) determined the CNO abundances of 9 yellow Ftype supergiants to see if any mixing-related anomaly exists. Successively, Smiljanic et al. (2006) reported the CNO abundances of 19 late A through early K giants and supergiants. Lyubimkov et al. (2011) determined the N abundances of 30 A-and F-type supergiants and discussed the nature of N-enrichment process. Takeda et al. (2013) carried out a comprehensive analysis on the C, N, O, and Na abundances of 12 Cepheid variables. Adamczak & Lambert (2014) examined the C and O abundances for 188 stars across the Hertzsprung gap, which is probably the most extensive investigation as far as the number of sample stars is concerned. Molina & Rivera (2016) reported the chemical abundances of many elements (including C, N, O, and Na) in 4 A-F supergiants.
In spite of these investigations, however, the picture of evolution-induced chemical anomaly in this group of stars has not been clarified yet. Besides, targets in these past studies, except for Adamczak & Lambert (2014) , appear to be biased toward comparatively slow rotators, despite rapid rotators are commonly included in this group of stars (presumably because of the growing difficulty in abundance determinations).
Given this circumstance, we decided to challenge this task, taking advantage of the results and experiences in our recent studies: -Regarding the observational data, the high-dispersion spectra of 75 evolved A-, F-, and G-type stars in the Hertzsprunggap region are already available, which we used for investigating the luminosity effect of O I 7771-5 triplet lines (Takeda et al. 2018a ; hereinafter referred to as Paper I). Besides, the atmospheric parameters of these stars (including the microturbulence which is not easy to determine for broad-line stars) have already been established in Paper I. -As to the surface chemical composition of red giants (into which Hertzsprung-gap stars will further evolve sooner or later), Takeda et al. (2015) reported the abundances of C, O, and Na for 239 late G through early K giants. Likewise, Takeda et al. (2013) investigated the C, N, O, and Na abundances of 12 Cepheid variables, which may also be used for comparison. -On the other hand, surface C, N, and O abundances of late B through early F dwarfs (from which ∼ 1.5-5 ⊙ stars currently in the Hertzsprung gap have evolved) have recently been investigated in detail by Takeda et al. (2018c;  hereinafter referred to as Paper II).
-Since these previous studies made use of the spectrum synthesis technique, which is indispensable for deriving the elemental abundances of rapid rotators often included in Hertzsprung-gap stars, we may be able to compare the abundances of different star groups in a consistent manner by applying the same method of analysis.
Accordingly, we investigated in this study the abundances of representative light elements (Li, C, N, O, and Na, which may be affected by evolution-induced mixing) for selected 62 Hertzsprung-gap stars (late A through G subgiants, giants, and supergiants) by making use of the observational data adopted in Paper I. Here, we particularly intended to examine the following points of interest.
• Do these stars currently evolving across the Hertzsprung gap show abundance anomalies typically seen in red giants or Cepheids (e.g., underabundance in C, overabundance in N or Na)? If really observed, is there any meaningful dependence upon the stellar parameters (e.g., ef f or )? • How are the abundances of these evolved stars compared with low-mass (FGK) dwarfs covering wide range of stellar ages? Meanwhile, do they show any relation with the C, N, and O deficiencies observed in A-type dwarfs (most likely caused by the diffusion process and confined only to the surface layer)?
PROGRAM STARS AND THEIR PARAMETERS
Among the 75 stars investigated in Paper I, the effective temperatures of early A-type supergiants tend to suffer appreciably larger ambiguities (cf. Fig. 2a therein) , mainly because of the considerable interstellar extinction (due to their distant nature with low galactic latitude). Accordingly, we decided to discard 13 stars (those with ef f > 8500 K or classified as early A supergiants), which eventually resulted in 62 program stars, as listed in Table 1 . See Sect. 2 in Paper I for the description of the observational data of these targets, which were obtained with the echelle spectrograph attached to the 1.8 m reflector at Bohyunsan Astronomical Observatory. Regarding ef f (effective temperature; from − colors) and log (surface gravity; from luminosity with the help of evolutionary tracks), we used the same values as derived in Paper I (cf. Sect. 3 therein). As to the microturbulence ( t ), we adopted the values determined in Paper I by requiring the abundance consistency between O I 7771-5 and O I 6156-8 lines (denoted as a ; cf. Sect. 6 therein) wherever possible. In case that a could not be determined in Paper I, we used the alternative microturbulence ( p ) determined from the line profile of O I 7771-5 triplet (cf. Sect. 5 therein). The model atmosphere assigned to each star is described in Sect. 4 of Paper I.
The log vs. log ef f plots of our 62 Hertzsprung-gap stars are shown in Fig. 1 , where the relevant targets of different star groups (red giants, Cepheids, main-sequence stars) studied in our previous papers are also depicted. Similarly, log , t , and e sin (projected rotational velocity determined from 6145-6166 Å fitting described in Sect. 3.1) for each star are plotted against ef f and (stellar mass) in Fig. 2 . We can see from these figures that our sample stars cover the parameter ranges of 8000 K ≳ ef f ≳ 5000 K, 1.8 ≲ log ≲ 3.7, 1.5 ⊙ ≲ ≲ 8 ⊙ , 0 km s −1 ≲ t ≲ 10 km s −1 , and 0 km s −1 ≲ e sin ≲ 150 km s −1 . As for the error bars ( ) attached to the data points in Fig. 1 and Fig. 2 , ( ef f )'s are due to ambiguities of interstellar reddening, (log )'s are evaluated by combining the uncertainties of interstellar extinction and of Hipparcos parallax, ( )'s are due to ambiguities in (∝ 4 ), and (log )'s are estimated from ( ef f ) and ( ) (where we formally assume that both are independent and that random errors in are comparatively insignificant and negligible). The adopted stellar parameters for each program star are summarized in Table 1 (and in "tableE.dat" of the online material where their errors are also given).
ABUNDANCE DETERMINATIONS
Given that our task is to study the surface abundances of Li, C, N, O, and Na for 62 Hertzsprung-gap stars, we invoke Li I 6708, C I 5380, O I 6156-8, N I 7468, and Na I 6161 lines as in Takeda & Tajitsu (2017) (for Li, C, O, Na) and Paper II (for C, N,and O). The determination procedures of abundances and related quantities (e.g., non-LTE correction, uncertainties due to ambiguities of atmospheric parameters) are essentially the same as described in these papers, which consist of two consecutive steps.
Synthetic spectrum fitting
The first step is to find the solutions for the abundances of relevant elements ( 1 , 2 , …), projected rotational velocity ( e sin ), and radial velocity ( rad ) by requiring the best fit (minimizing − residuals) between theoretical and observed spectra, while applying the automatic fitting algorithm (Takeda 1995a). Four wavelength regions were selected for this purpose: (i) 6702-6714 Å region (for Li), (ii) 5370-5390 Å region (for C), (iii) 7457-7472 Å region (for N), and (iv) 6145-6166 Å region (for O, Na). More information about this fitting analysis (varied elemental abundances, used data of atomic lines) is summarized in Table 2 . How the theoretical spectrum for the converged solutions fits well with the observed spectrum is displayed in Fig. 3-6 
Abundances from equivalent widths
As the second step, with the help of Kurucz's (1993) WIDTH9 program (which had been considerably modified in various respects; e.g., inclusion of non-LTE effects, treatment of total equivalent width for multi-component lines; etc.), we computed the equivalent widths ( ) of the representative lines "inversely" from the abundance solutions (resulting from spectrum synthesis) along with the adopted atmospheric model/-parameters; i.e., 6708 (for Li I 6708), 5380 (for C I 5380), 6156−8 (for O I 6156-8), 7468 (for N I 7468), and 6161 (for Na I 6161), which are easier to handle in practice (e.g., for estimating the uncertainty due to errors in atmospheric parameters). The adopted atomic data for these lines are summarized in Table 3 . We then analyzed such derived values by using WIDTH9 to determine N (NLTE abundance) and L (LTE abundance), 2 from which the NLTE correction Δ(≡ N − L ) was further derived. We adopted Procyon as the standard star of abundance reference (except for Li, which should be compared with the solar system abundance of 3.31 as done in Takeda Table 1 (more complete results  including and Δ are separately presented in "tableE.dat"). Figs. 7(C), 8(C), 9(N), 10(O), and 11(Na) graphically show the equivalent width ( ), non-LTE correction (Δ), non-LTE abundance ( N ), and abundance variations in response to parameter changes (see the following Sect. 3.3), as functions of ef f .
Error estimation
In order to evaluate the abundance errors caused by uncertainties in atmospheric parameters, we estimated six kinds of abundance variations ( + , − , + , − , + , and − ) for N by repeating the analysis on the values while perturbing the standard atmospheric parameters interchangeably by ± ( ef f ) (cf. Sect. 2), ± (log ) (cf. Sect. 2), and ± ( t ) (which we 2 X is the logarithmic number abundance of element X expressed in the usual normalization of H = 12; i.e., X = log( X ∕ H ) + 12.
tentatively assumed ±max[1.0, 0.3 t ] km s −1 by consulting Fig. 10d in Paper I). Finally, the root-sum-square of these perturbations, ≡ ( 2 + 2 + 2 ) 1∕2 , were regarded as the abundance uncertainties due to combined errors in ef f , log , and t , where , , and are defined as
respectively. These ± , ± , and ± are plotted against ef f in panels (d), (e), and (f) of Figs. 7-11, from which can generally state that ± is most significant (which can be as large as ∼ 0.2 dex or even more), while the other two are of comparatively minor importance. We also evaluated errors in the equivalent width ( ) by assuming the typical S/N of ∼ 200, from which the corresponding abundance uncertainties ( ) were derived as done in Paper II (see Sect. 4.3 Fig. 6 ). As a tentative solution, postulating that Fe II 6149.258 line (which has an appreciable strength in this region) is most important in determining (Fe), we evaluated from (6149) in the same manner as mentioned above. The values involved with the abundances of Li, C, N, O, Na, and Fe for each star are given in "tableE.dat."
DISCUSSION

Apparent trends of the abundances
The resulting abundances of Li, C, N, O, Na, and Fe relative to the reference values (solar system abundance for Li, Procyon abundances for the other elements being almost equal to the solar composition) are plotted against ef f and in Fig The drastic spread of (Li) is immediately noticeable in Fig. 12a ,a'. Since Li abundances could be established only ∼ 40% (25 out of 62) of the program stars, surface Li in the remaining (more than half) stars must also be substantially depleted ( (Li)< 1) because the upper limits (corresponding to 6708 from a few tenths mÅ to a few mÅ) is (Li) ∼ 0-1. Accordingly, the overall star-to-star dispersion of (Li) should be ≳ 2 dex or even more, which means that the Li-dilution process in the envelope of Hertzsprung-gap stars is considerably case-dependent. Considering the vulnerability of this element (which is quickly destroyed at comparatively low temperature of ∼ 2.5 × 10 6 K), this diversity may be understandable. However, it was rather unexpected that appreciably large scatter is seen in the diagrams involving [C/H] Fig. 13 ), which apparently contrasts with the case of red giants (e.g., Takeda et al. 2015) . Actually, the spread in these [X/H] values extends typically to ∼ ±0.5-0.6 dex or even more (e.g., the case of [N/H]). This can hardly be regarded as the metallicity effect or some chemical anomaly effect, because their mutual correlation is not good (near-random distribution around [X/H] ∼ 0 might rather be a better description) as seen from Fig. 13 , though reasonable correlation is observed in some cases (e.g., Fig. 13f ). We thus can not help considering that significant errors are involved in our abundance results, possibly larger than the error bars in each figure panel ( ; cf. Sect. 3.3). It is likely that our adopted atmospheric models were not sufficiently adequate, for which we may think of two factors (errors in the atmospheric parameters, impact of chromospheric activity) as ponderable possibilities, as separately discussed in Appendix A.
[C/H] and [O/H] in
Implication of evolution-related anomalies
As such, we must realize that the abundances derived in Sect. 3 are likely to contain significant errors due to imperfections of our analysis, and thus their face values should not be blindly trusted. Yet, we can try to extract as much information regarding the nature of envelope mixing as possible based on the resulting abundances.
We have already seen that the surface Li abundances of our program stars are very diversified (spanning a range of ≳ 2 dex) from the near-primordial abundance of (Li)∼ 3 down to a very depleted level of (Li)≲ 1 (cf. Fig. 12a,a' ). This means that, while some stars have not experienced any substantial mixing (because Li is retained), efficient mixing-induced dilution takes place for other stars. It is worth noting that considerably Li-depleted stars do exist at 7000 K ≳ ef f ≳ 6000 K. This suggests that some kind of non-canonical mixing (e.g., rotational or thermohaline mixing) is required for such stars, because depletion of surface Li begins after a star has become sufficiently cool at 5500-5000 K ≳ ef f according to the conventional theory including only the standard mixing (cf. Fig. 7a in Takeda et al. 2018b ). Besides, those stars almost retaining the original Li contents tend to rotate comparatively rapidly, suggesting that Li depletion process operates more efficiently for slower rotators.
Then, what about the dredge-up of nuclear-processed products? Unfortunately, as mentioned in Sect. 4.1, we can not place much confidence on the apparent [C/H] . However, we would hope that the relative difference between the abundances of the similar type of species may still be relied upon, because the systematic errors would act on the same direction. Accordingly, it is worth paying attention to the relative ratios of C, N, and O abundances, because they were derived from similar high-excitation lines of similar dominant-population species (C I, N I, O I).
We thus decided to focus on two abundance ratios: (Fig. 13h ) that these two show a positive correlation over the ranges mentioned above.
Then, recalling that oxygen is least affected among these three elements (being hardly changed or only slightly decreased; see, e.g., Fig. 11 in Takeda et al. 2015) and regarded as nearly normal, we can see the tendency of C deficiency as well as N enrichment to hold in our sample stars, which is most naturally interpreted as due to the contamination of CN-cycled material salvaged from the deep H-burning region due to an efficient mixing.
3 Actually, the observed [N/C] vs. [O/C] correlation is reasonably consistent with the theoretically predicted locus (cf. the thick line in Fig. 13h ) computed by Lagarde et al. (2012) .
It is difficult, however, to include sodium in this discussion, because possible systematic errors involved in the Na abundances (derived from Na I; minor population species of low ionization potential) are considered to act in a markedly different sense than those of CNO. Still, we can recognize in Fig 12e, e' that the [Na/H] values of higher ef f stars (presumably less affected by activity-related errors) tend to be positive and to slightly increase with at 4 ⊙ ≲ ≲ 8 ⊙ , such as reported by Takeda & Takada-Hidai (1994) for A-F supergiants of ≳ 10 ⊙ . This may indicate a sign of -dependent dredge-up of NeNa-cycle product. Taking these results into consideration, we may conclude that (i) evolution-induced surface abundance anomalies do exist in (at least a significant fraction of) our sample stars across the Hertzsprung gap, (ii) appreciable dredge-up of Hburning product must take place before entering the red-giant stage in those stars, and (iii) whether and how much a star experiences such a dredge-up is considerably case-dependent (as seen from the large diversity of [N/C]).
Comparison with other studies
Finally, we briefly comment on how the results derived from our analysis of 62 program stars are compared with those reported by previous investigators. Generally speaking, our conclusion appears to be compatible with most of the relevant past studies, at least in the qualitative sense.
Regarding lithium, our results, that the surface Li abundances show a very large diversity (ranging from the nearprimordial value of (Li)∼ 3 down to a considerably depleted level of ≲ 1) and that rapid rotators tend to retain the original composition without appreciable depletion, are in good agreement with what de Laverny et al. (2003) concluded in their study of 54 giants across the Hertzsprung gap (cf. their Fig. 3) .
Likewise, our conclusion concerning the CNO abundances (Hertzsprung-gap stars generally show signs of chemical anomalies caused by the dredge-up of H-burning products though the extents widely differ from star to star) is reasonably consistent with several related studies mentioned in Sect. 1, most of which similarly reported the existence of characteristic chemical signature (such as the deficiency of C and/or enrichment of N or Na) indicating that the nuclear-processed material had been more or less salvaged from the inner H-burning region.
However, one exception is the recent extensive spectroscopic study of 188 Hertzsprung-gap stars conducted by Adamczak & Lambert (2014) , who concluded that their C and O abundances were almost similar to those of low mass dwarfs and no indication of significant mixing-induced abundance changes was found. Therefore, their conclusion is in conflict with ours as well as those of other published work. Since 10 stars among their sample (HD 26553, 72779, 82543, 88759, 100418, 111812, 151070, 164136, 188650, and 201078 ) are common to our program stars, their stellar parameters as well as the Fe, C, and O abundances are compared with those derived by us in Fig. 14 , from which we can see the following characteristics: Regarding the fundamental and atmospheric parameters, ef f and log are more or less consistent, whereas as well as e sin are in fairly good agreement. However, t is in serious disagreement (cf. Fig. 14c ) in the sense that our values are diversified in the range of ∼ 2-10 km s −1 while theirs show a much smaller spread around ∼ 2 km s −1 (presumably because they assumed t = 1.8 ± 0.35 km s −1 in cases where this parameter could not be determined). Since this Fig. 14c is apparently similar to Fig. A3c in Appendix A.1, where we point out the possibility of overestimation for our prominently large t values around ef f ∼ 6000 K (cf. Fig. 2b ), the same explanation may as well be applied for this discrepancy. As to the relative abundances of [Fe/H] correspondence with theirs (i.e., the former tend to spread over a much wider range than the latter). Although the details of their analysis (e.g., equivalent widths, line-by-line abundances) are not published, they seem to have employed the high-excitation C I lines at 5052, 5380, and 6587 Å for C abundance determination, while the forbidden [O I] lines of low excitation at 6300, 6363, and 5577 Å were used along with the strong high-excitation O I 7771-5 triplet lines (appreciably affected by the non-LTE effect as well as by a choice of microturbulence t ). It thus appears somewhat questionable whether the trend of C and O abundances (and the C/O ratios) could be reliably derived by combining the results from such lines of considerably different characteristics. Besides, in our opinion, a weakpoint in their study is that they did not take into account N, which plays an important role in discussing the chemical anomaly due to mixing of H-burning product because its abundance change is obviously large (compared to that of C or O). Accordingly, it seems still premature to regard the conclusion of Adamczak & Lambert (2014) as being established, which would need to be checked by follow-up investigations.
CONCLUSION
Those evolved intermediate-mass stars, which have left the main sequence and are currently on the way toward the redgiant stage (from left to right on the HR diagram), are often called "Hertzsprung-gap stars." In this study, we intended to examine whether and how their surface abundances of light elements show characteristic anomalies caused by evolutioninduced mixing in the envelope.
Toward this aim, we determined the abundances of Li, C, N, O, and Na for selected 62 late A through G subgiants, giants, and supergiants by applying the spectrum fitting technique to Li I 6708, C I 5380, N I 7460, O I 6156-8, and Na I 6161 lines, based on the high-dispersion spectra obtained with the 1.8 m reflector at Bohyunsan Astronomical Observatory.
We confirmed a substantially large star-to-star dispersion (≳ 2 dex) in the Li abundances, indicating that this vulnerable element can either suffer significant depletion before the redgiant stage or still retain most of the primordial composition, and the latter case tends to be seen in rapid rotators.
Somewhat disappointingly, it turned out difficult to perceive meaningful trends from the abundances of C, N, O, and Na (possibly altered by the dredge-up of H-burning products) by themselves, because of the considerably large abundance scatters which can not be real but due to some additional significant errors.
Despite such an disadvantage of having to deal with the abundance data involving considerable uncertainties, it may be hoped that relative abundance ratios between C, N, and O may still be relied upon, because errors tend to be canceled as these abundances were derived from similar high-excitation lines of dominant species. Following this consideration, we found a positive correlation between [O/C] (ranging from ∼ 0 to ∼ +0.5 dex) and [N/C] (showing a larger spread from ∼ 0 to ∼ +1 dex). Moreover, this trend is reasonably consistent with the theoretical prediction based on stellar evolution calculations.
This corroborates that the abundance characteristics caused by contamination of nuclear-processed material (C deficiency as well as N enrichment) are detected in the CNO abundances of our program stars. Accordingly, we can conclude that the dredge-up of H-burning product can take place before entering the red-giant stage, though its extent differing from star to star. Takeda, Y. 1995a , PASJ, 47, 287. Takeda, Y. 1995b Kurucz & Bell (1995) were used, except that the contribution of Fe I 5382.474 was neglected. KB95m2 -All the atomic line data were taken from Kurucz & Bell (1995) , except that the contribution of S I 7468.588 was neglected. KB95 -All the atomic line data given in Kurucz & Bell (1995) were used unchanged. Kurucz & Bell (1995) , except for the parenthesized ones (unavailable in their compilation), for which the default values computed by the WIDTH9 program were assigned. 
APPENDIX A: ON THE SOURCE OF ABUNDANCE ERRORS
A.1 Uncertainties in atmospheric parameters
As one of the touchstones to judge the reasonability of our parameters adopted for each star ( ef f from reddeningcorrected − color, log from parallax-based/extinctioncorrected luminosity along with stellar mass estimated from evolutionary tracks; cf. Sect. 3 in Paper I), it is worthwhile to examine how they are compared with various published values determined in different ways. Although such a comparison was already tried by using the data taken from SIMBAD database in Paper I (see Fig. 2 therein) , we here make use of the PASTEL database compiled by Soubiran et al. (2010) for the data source of ef f , log , and [Fe/H], the comparisons of which are shown in Fig. A1 . The mean differences (± : standard deviation) are ⟨ ef f ⟩ (PASTEL−ours) = 26(±380) K, ⟨log ⟩ (PASTEL−ours) = +0.01(±0.45) dex, and ⟨[Fe/H]⟩ (PASTEL−ours) = +0.15(±0.18) dex. Meanwhile, regarding the errors we estimated for ef f , log , and [Fe/H] (cf. Sect. 2 for ef f and log ; Sect. 3.3 for [Fe/H]), their averages over all 62 stars are 280 K (ranging from 108 K to 788 K), 0.14 dex (ranging from 0.06 dex to 0.42 dex), and 0.19 dex (ranging from 0.06 dex to 0.44 dex), respectively. Comparing these with (PASTEL−ours) values mentioned above, we see that the discrepancy in log is appreciably larger than our estimated uncertainties, which may reflects the intrinsic difficulty in determining the surface gravity for such high-luminosity stars. This situation is markedly different from the case of dwarf stars, where the spectroscopic log and the luminositybased log based on the Hipparcos parallaxes 4 (as adopted this study) agree with each other (see, e.g., Fig. 5 in Takeda et al. 2005) . However, we do not consider that ambiguities in 4 We also checked how the Hipparcos parallaxes (van Leeuwen 2007) we used for evaluation of log are compared with the Gaia DR2 parallaxes recently published (https://www.cosmos.esa.int/web/gaia/dr2). Among the 62 program stars, Gaia data are missing for 2 stars (HD 8890, 20902) and negative for 2 stars (HD 168608, 213306) . Otherwise, the differences are a few to several tens per cent for the remaining stars (< 10% for more than the half of them), except that especially large discrepancies by more than a factor 2 are found for 4 stars (HD 32665, 45412, 148713, and 164136).
log would lead to serious abundance errors, because of the insignificant gravity-sensitivity as can be seen in Fig. 7e-11e Fig. A2 . This figure indicates that, while a reasonable agreement is mostly confirmed for ef f , log , and [Fe/H], a distinct discrepancy is observed between our adopted t values of HD 82210 and HD 188650 (4.8 and 8.8 km s −1 , which were derived from O I lines in Paper I) and those determined by using Fe lines (1.1 and 2.2 km s −1 ; cf. Fig. A2c ). Since such large scale t values have occasionally been reported for evolved stars above the main sequence (see, e.g., the references quoted in Sect. 4.2 of Gray 1978), we would reserve the decision of which is correct. Yet, we should keep in mind a possibility that the prominently large t values up to ≲ 10 km s −1 around ef f ∼ 6000 K (cf. Fig. 2b ) may be spurious (i.e., erroneous overestimation), even though these are the unique solutions which could satisfy the non-LTE abundance consistency between the O I 7771-5 and O I 6156-8 features.
For example, such an overestimation of t from O I lines may happen when the stronger O I 7771-5 triplet suffers an extra intensification by a chromospheric temperature rise in the upper atmosphere (cf. Takeda 1995b). (Interestingly, both of these HD 82210 and HD 188650 show core emissions in the core of the Ca II K line; cf. Fig. A3 ). In any event, since the resulting abundances are insensitive to a change in t (because the relevant lines are fairly weak and the thermal velocity is large for these light elements; cf. Fig. 7f-11f) , it is unlikely that ambiguities in t can cause significant abundance errors in the present case. Considering what has been described above and that the most important parameter affecting the abundance is ef f (cf. Fig. 7d-11d) , we feel that our error bars shown in Fig. 12 and Fig. 13 (which are determined mainly by ambiguities in ef f typically by ∼ 300 K on the average) are not seriously misvalued in the general sense, although some cases of considerably wrong abundances caused by exceptionally large parameter errors can not be excluded.
A.2 Possibility of influential chromospheric activity
In connection with the large scatter observed in our abundances (e.g., [X/Fe] vs. [Fe/H] diagrams shown in Fig. 13i-l) , it is worth noting that Takeda & Tajitsu (2017) similarly reported anomalously large dispersion in the C and O abundances (derived from C I 5380 and O I 7771-5 lines of high excitation) in a fraction of Li-rich G-type giants (cf. Figs. 14a and 14c therein), which they considered nothing but a superficial phenomenon caused by high chromospheric activity. Regarding such activity-related effects, two mechanisms may be possible. The first is the temperature rise in the upper layer, by which high-excitation lines of dominant-stage species (such as C I, N I, or O I) 5 can be strengthened (see Sect. 9 in Takeda & Tajitsu 2017). The second is the enhanced UV radiation, by which the lines of minor-population species (such as Fe I or Na I) are weakened due to the overionization effect. The apparent underabundances of heavier elements (such as Fe) in the secondary component of Capella (G0 III giant of high activity) compared to the primary (normal G8 III giant) concluded by Takeda et al. (2018b) can be attributed to this mechanism (cf. Sect. 6.3 therein).
Meanwhile, as to the abundances obtained in this study, we see from 7), (2) the large abundance dispersion tends to be seen in lower ef f (< 6500 K) stars 6 cooler than the granulation boundary (see, e.g., Gray 2005), and (3) stars showing large deviation tend to have comparatively large e sin . Therefore, it may be a ponderable interpretation that high chromospheric activity caused by rapid rotation in cooler stars having deep convection zone (in which rotation-induced dynamo mechanism can operate) would have especially intensified the C I 5380, N I 7460, and O I 6156-8 lines (all high-excitation lines of dominant species) and weakened the Na I 6161 line (minor population species).
Motivated by this idea, we checked the Ca II K line at 3933.663 Å for each star in order to search for any core emission indicative of strong chromospheric activity, making use of the fact that our spectral data cover wide wavelength range down to the violet region. The spectra in the 3920-3950 Å portion are displayed in Fig. A3 for all 62 stars. Although the S/N ratios at the core of this strong line are insufficient in not a few cases (because of the decreased detector sensitivity in this short wavelength region along with the considerably low flux level), which makes examination of weak feature difficult, the following characteristics can be read from this figure.
• Clear core emission is hardly seen for stars of higher ef f (> 6000 K) (cf. the left panel of Fig A3) , though only a weak sign is observed for a few stars such as HD 158170 (8.4), 193370 (9.3), 180583 (9,9) which are between 5 Although all these C I (I.P.=11.3 eV), N I (I.P.=14.5 eV), and O I (I.P.=13.6eV) are still the dominant population stage in the line-forming region of F-G giants/supergiants ( ef f ≲ 7000 K), this argument does not hold any more for A-type stars, where C I turns into minor population species, though N I and O I still remain as dominant population. 6 Note that a similar argument is possible for (i.e., large scatter tends to be observed at lower of ∼ 2-3 ⊙ ). This is because ef f and are closely correlated with each other, since lower ef f stars tend to be of higher log (cf. Fig. 2a) and thus of lower (see the relation in Fig. 2d ).
6000 K ≲ ef f ≲ 6500 K (given in the parentheses are the corresponding e sin values).
• Regarding lower ef f (< 6000 K) stars expected have deep convective envelopes, emission components are observed in about ∼ 1∕3 of them (cf. the right panel of Fig A3) such as HD 133002 (6.6), 188650 (7.7), 141714 (7.7), 185758 (8.4), 82210 (8.6), 164668 (9.5), 117566 (11.1), 45412 (13.1), 198726 (14.7), 126868 (16.5), and 111812 (64.6 ).
• In summary, regarding our sample stars, emission feature in the Ca II K line is observed in a significant fraction of ef f < 6500 K stars, though really strong emission is seen only a few among them. Interestingly, however, such a feature tends to be detected mostly in not-so-rapid rotators of e sin around ∼ 10 km s −1 , while not in rapid rotators except for HD 111812. Therefore, our speculation that rapidly rotating stars would have higher activity could not be confirmed (though this does not mean that rapid rotators have no chromospheric activity because weak feature may possibly be smeared out for such broad-line cases). We also examined whether any connection exists between the abundance anomaly and the Ca II core emission. For example, regarding the five stars showing anomalous [O/Fe] ratio larger than +0.5 (cf. Fig. 13k ) [HD 45412 (+0.76) , 164668 (+0.80), 82210 (+0.52), 100418 (+0.62), 208110 (+0.61)], although the former three surely show emission features (especially that of HD 82210 is strong), such a detection is difficult (i.e., buried in noises) for the latter two, which means that a clear relationship can hardly be concluded. Accordingly, as far as this examination of Ca II K line profile is concerned, we could not find any convincing evidence in support of the interpretation that large abundance scatter may have stemmed from unusual atmospheric condition caused by stellar chromospheric activity. It thus seems premature to ascribe the reason for the large abundance dispersion to this hypothesis. 
FIGURE 3
Synthetic spectrum fitting in the 6702-6714 Å region comprising the Li I 6708 line. Shown in the left and right panels are stars of ef f > 6000 K and those for ef f < 6000 K, respectively. The best-fit theoretical spectra are shown by solid lines. The observed data are plotted by symbols, where those used in the fitting are colored in pink or green, while those rejected in the fitting (e.g., unidentified lines or spectrum defect) are depicted in gray. In both panels, the spectra (indicated by the HD number) are arranged in the descending order of e sin with a vertical offset of 0.1 (in unit of the continuum level) applied to each spectrum relative to the adjacent one. Note that the fitting was impossible for HD 148753 and HD 026553, for which the spectra are almost featureless. FIGURE 12 These six figure sets (a-f, each consisting of 2 panels) illustrate how the relative abundances of six elements (L, C, N, O, Na, and Fe) with respect to the reference abundances (the solar system abundance for Li; otherwise, the abundances of Procyon) depend upon ef f (upper panel) or (lower panel). Different mass classes are discriminated by the symbol shape: filled circles ⋯ < 2.5 ⊙ , half-filled circles ⋯ 2.5 ⊙ < < 5 ⊙ , and open circles ⋯ 5 ⊙ < . Different e sin classes are discriminated by the symbol size: small ⋯ e sin < 10 km s −1 , medium ⋯ 10 km s −1 < e sin < 50 km s −1 , and large ⋯ 50 km s −1 < e sin . Stars of higher ef f (> 6000 K) and lower ef f (< 6000 K) are colored in blue and red, respectively. Regarding the meanings of the error bars, see Sect. 2 ( for ef f as well as ) and Sect. 3.3 ( for the abundances). 
